Abstract: Hotels cooperate with third-party websites to enhance their competitive position and attain sustainable development in the era of e-commerce. Furthermore, hotel managers overbook to hedge against last-minute cancellations and customer no-shows. This paper discusses pricing and overbooking strategies of a hotel in the context of cooperation with multiple third-party websites and analyzes how these strategies influence the cooperation process. The increase in profits resulting from the overbooking strategy is also examined. A model of a Stackelberg game between the hotel and third-party websites and a Nash game among the third-party websites are developed to analyze the process. Results indicate that the compensation coefficient has a slight influence on hotel pricing strategy, but causes a sharp decrease in overbooking level. As the hotel demands to lessen the probability of denying under higher compensation rate, the third-party websites would exert less sales effort to reduce the demand of online customers. Results also show that under a given market demand, hotel effort only serves to redistribute market shares among the hotel and third-party websites, without influencing hotel pricing and overbooking decisions. Specifically, the market shares of the third-party websites decrease in the effort level of the hotel resulting from an increase in the hotel market share. Finally, in the numerical example where one hotel and two websites are analyzed, hotel overbooking strategy improves hotel profit by 4.20%, whereas profit improvements for Websites 1 and 2 are as high as 5.26% and 5.21%, respectively. Managerial implications of the study are also provided.
Introduction
In the hospitality industry, some customers may cancel their reservations before the target date or fail to show up without prior notification [1, 2] . Unlike tangible goods, hotel rooms are perishable [3] [4] [5] ; that is, when a reservation is suddenly cancelled, it is difficult to obtain a customer to occupy the hotel room in time. Consequently, hoteliers lose income if the hotel room becomes unoccupied. This distinguishing characteristic results in a zero salvage value to hotel rooms, because unoccupied rooms do not generate any revenue for hoteliers and cannot be reflected in the inventory for future use [6, 7] . On the other hand, managing hotel rooms incurs a high fixed cost but a relatively low variable cost, leading to considerable marginal profits for hoteliers [7, 8] . By contrast, hotels suffer heavy revenue loss from last-minute cancellations and customer no-shows.
Hotels reduce this loss by adopting overbooking strategy to ensure full room occupancy and to maintain a high occupancy rate [9] [10] [11] . Overbooking is defined as selling more rooms than hotel capacity, which is performed when a certain number of booked customers are anticipated to cancel or not to show up [12] . As a functional component of revenue management application, overbooking generates as high as 20% of the total revenue opportunity for hotels [13, 14] .
The occupancy rates of hotel rooms will increase because of overbooking [15] . However, if the number of customers with last-minute cancellations and no-shows is extremely small, the number of arrivals may exceed hotel capacity. When hotels cannot accommodate all arrivals at a target date, they will suffer losses because of compensation for the inconvenience of denied customers, loss of goodwill, and operating constraints [14, 16] . Hence, determining the balance between the benefits and harm in implementing overbooking strategy is important. This study aims to address this issue.
Grönroos [17] stresses the significance of service marketing in the marketing area and gives a cutting-edge interpretation on the service marketing theory. Due to the changes in the world economy and business practice, services dominate the modern economies of the world, and Zeithaml et al. [18] suggest that mangers should consider service marketing as a competitive business imperative. In recent decades, the online distribution channel becomes prevalent and indispensable in the promotion of goods and services in the service industry [19] [20] [21] [22] . Hotels facing intense competition will certainly embrace prevalent online booking requirements. In the process, they cooperate with third-party websites, such as Orbitz, Expedia, and eLong, to broaden their market demand. Specially, many hotels are unknown to the public and turn to well-known third-party websites to promote room selling. These third-party websites enable customers to search for different information on their trips and aid them in choosing the most suitable goods or services. Third-party websites also allow control for customers in the selection process and provide convenience. Therefore, hotels should cooperate with third-party websites to widen the market and enhance their competitive position, thereby ensuring their sustainable development [23, 24] .
Many studies have been conducted on hotel overbooking strategy [25, 26] or cooperation between hotels and third-party intermediaries [27] [28] [29] [30] . The present paper develops a model to explore hotel pricing and overbooking strategies in the context of the cooperation between a hotel and multiple third-party websites. Hadjinicola and Panayi [31] observe that overbooking at the hotel level generates more cost savings than at each tour operator level when the hotel cooperates with multiple tour-operators. Thus, the present paper considers hotel room capacity as a whole, and formulates a single overbooking strategy for the hotel instead of multiple overbooking strategies for each third-party website separately. A Stackelberg game model is developed to explore the cooperation process between the hotel and third-party websites, while a Nash game is built among multiple third-party websites to describe their competitiveness on limited hotel rooms. The profit improvement for the hotel and third-party websites by overbooking strategy is then analyzed. This study seeks to answer the following questions: (1) What are the equilibrium decisions on hotel pricing and overbooking strategies and the effort level for the third-party websites? (2) What are the effects of compensation paid to a denied customer, demand fluctuation, hotel effort, and room capacity on optimal decisions? (3) How does the overbooking strategy of the hotel influence the cooperation process with the third-party websites? (4) How much profit improvement does a hotel overbooking strategy bring to the hotel and third-party websites?
Results presented in this paper are constructive. First, the compensation coefficient is observed to have a slight effect on optimal room rate, but causes a sharp decrease in the overbooking level because the hotel anticipates reducing the risk of over-sale. On the other hand, along with the increase in compensation coefficient, the third-party websites exert less effort in room sales to attract fewer customers as the hotel demands to lessen the probability of denying. Second, given the market demand, hotel effort will affect market shares of the hotel and cooperative third-party websites, but not hotel pricing and overbooking strategies. Specifically, the market shares of the third-party websites decrease in hotel effort level because of an increase in the market share of the hotel. Third, overbooking strategy brings profit increases of 5.26% and 5.21% for Websites 1 and 2, respectively, in the numerical example, but only 4.20% for the hotel. Therefore, third-party websites benefit more from the overbooking policy than the policy implementer, namely, the hotel. However, third-party websites that exert more effort to make sales do not always benefit more from the overbooking strategy.
The rest of paper is structured as follows: Section 2 reviews previous literature on the overbooking strategy in hotels and their cooperation with third parties, and addresses the research gap between previous studies and this paper. Section 3 describes the problem of hotel overbooking and cooperation with multiple third-party websites. A mathematical model is built and equilibrium solutions are derived. In Section 4, a numerical study is conducted to illustrate the effects of parameters on optimal decisions and profits. Section 5 explores how the overbooking strategy improves profits. Finally, Section 6 concludes this paper, provides some managerial implications, and highlights directions for future research.
Literature Review

Hotel Overbooking Strategy
Overbooking has long been a crucial lever for hotel revenue management [16, [32] [33] [34] . Rothstein [35] is the first to develop a mathematical model to determine hotel overbooking level, and he suggests that hotel managers set overbooking limits at various decision points prior to the target date and optimize the overbooking problem by adjusting these limits. Ivanov [36] analyzes how optimal overbooking limits will change when a new booking request is received for a specific date, given the guaranteed and nonguaranteed reservations rate, which provides hotel managers with a simple operable methodology to control their room inventory when the guaranteed/nonguaranteed bookings ratio changes. Liberman and Yechiali [37] establish optimal overbooking level by maximizing the net profit of the hotel manager. In their paper, overbooking decisions are formulated by comparing the inventory level of confirmed reservations and the number of new requests. Toh [38] proposes a model that helps hotel managers to establish optimal booking levels systematically by balancing the opportunity cost of empty rooms with the adverse consequences of over selling. Toh and Dekay [39] also emphasize the importance of that balance in setting customer service levels to solve hotel overbooking problems. Koide and Ishii [40] maximize expected total sales by allowing customers paying the regular rate to make cancellations but not those with discounted rates. Therefore, the expected total sale is proved to be unimodal on the number of overbooking, indicating that the expected total sale is concave in the number of overbooking and the unique optimal overbooking level is obtained. Talluri and Van Ryzin [41] outline overbooking as one of the most successful revenue management practices. They build static as well as dynamic overbooking models to maximize the total volume of sales by balancing the negative effects of denying service against the rewards of increased sales.
In the hotel industry, one inventory class may be used as a substitute to satisfy the demand of another, which is known as an upgrade or a downgrade. Karaesmen and van Ryzin [42] discuss the overbooking problem by considering multiple reservations and inventory classes and jointly determine overbooking levels for the reservation classes.
Unlike the previous studies mentioned above, the present study develops a mathematical model to determine optimal overbooking levels by maximizing hotel revenue considering stochastic cancellation of customers in the context of cooperation with third-party websites. A similar study is conducted by Hadjinicola and Panayi [31] . However, their paper merely states that the overbooking strategy at the hotel level generates more cost savings than at the tour operator level by the method of data analysis. Obtaining the optimal overbooking level or monitoring the cooperation process between the hotel and tour operators is not performed in their paper.
Cooperation with Third-Party Websites
Online distribution channels enhance the promotion of goods and services in the service industry [19, 21, 22] , among which OTA is one of the most important intermediaries and serves as web supermarket in air, hotels, rental car, and cruise lines marketing [43] . Medina-Muñoz and Garcıá-Falcón [24] seek to identify the determinants of successful relationships between hotels and travel agencies and claim that for a hotel, collaborating with other entities is the most cost-effective method for extending sales and marketing effort. Ling et al. [44] develop a pricing model between small-and medium-sized hotels and a third-party website, considering that these hotels are not likely to run websites of their own because of high costs. Beritelli [45] presents evidence on how to choose cooperative actors in tourism destinations. Huang et al. [46] outline how tour operators contribute to a tourism supply chain composed of multiple hotels and travel agencies. A number of other studies explore the cooperation between service providers and third parties from the perspective of a strategic alliance but not to the individual level [28] [29] [30] .
All these studies emphasize the important role of third parties in hotel room marketing. However, third-party websites compete severely with hotels on customer source, which causes a problem of conflict of distribution channel for hotels [47, 48] . Therefore, Xu et al. [49] optimize room allocation between hotels and third-party websites by first setting online-exclusive rooms for third-party websites, and then allowing the hotel to decide whether to accept additional requests from the website to maximize its profit. Lee et al. [50] examine the hostile relationship between OTAs and hotels taking the example of Choice Hotels International and Expedia.com and suggest hotel avoid overreliance on OTAs. In our paper, the hotel and cooperative third-party websites make effort independently to encourage customers to book rooms from their own distribution channels.
The present paper analyzes the cooperation and competition relationship between the hotel and multiple third-party websites simultaneously, and explores the effect of hotel decision on that of third-party websites.
Problem Statement
This paper discusses the cooperation problem between one hotel and n third-party websites. To distribute its rooms online and widen its online market, the hotel cooperates with n third-party websites on room sales. Considering some customers cancel their reservations very late or just do not show up at the target date without notifying the hotel, the hotel adopts an overbooking strategy and determines its overbooking level by taking account into stochastic cancellations of customers. The hotel is examined in terms of its overbooking level and room rate, whereas third-party websites are examined in terms of their sales effort.
Cooperation between the Hotel and Third-Party Websites
A hotel with C identical rooms cooperates with n third-party websites on room booking service to improve its occupancy rate. Under this cooperation, the hotel has two types of customers: t-customer who books a room by phone, in person, or through the hotel's own website and w-customer who books a room through third-party websites. The hotel conducts price parity among all selling parties as a strategy to attract customers [27] . Price parity means that hotels charge the same room rate p per day to all customers from different distribution channels. No booking fees are charged when making reservations. The variable cost of each occupied room is c, while the fixed cost of the hotel is F.
In this study, the agency model is applied in the cooperation between the hotel and third-party websites, in which the hotel pays a commission rate to third-party websites for each room sold [4, 50, 51] . The room inventory of hotels is usually not transparent to third-party websites under the agency model. In practice, the commission is usually given as a percentage of the room rate [27] , that is, i i p
, and i θ differs according to third-party websites.
The total demand of the hotel, including that of t-customers and w-customers, is denoted as D, where D is given as ε D a bp = − + . The expected part of the demand is influenced by room rate p, whereas stochastic component ε is independent of room rate. Random variable ε is distributed continuously with probability density function ( ) ε f and cumulative distribution function ( )
As the hotel and third-party websites have the same customer market, they compete with each other on customer resources and exert sales effort to encourage customers to book rooms through their own ordering system [52] . For example, some hotels offer special services, such as breakfast for t-customers only. Third-party websites, on the other hand, provide customers with various travel information, which is highly convenient for the customers. Ctrip, the largest online travel agency in Mainland China, also provides cash back to w-customers who check-in successfully [52] . 
Overbooking and Expected Profits
Some customers suddenly cancel their bookings at the last minute or do not show up on the target date without notifying the hotel because of some personal reasons such as a change in the trip or work schedule update. Hence, to improve its occupancy rate, the hotel implements an overbooking strategy and sets an overbooking level of l , which is defined as the number of accepted room bookings beyond hotel capacity. Consequently, C l + room bookings can be accepted at most by the hotel. Integrate all customers as a whole and its show-up rate is denoted as β , where
β β ,β ∈ , and its probability density function and cumulative distribution function are ( )
, respectively. This assumption is widely applied in academic research and does not influence the results [56] . Therefore, ( ) β C l + customers will show up at the hotel reception on the target date if C l + customers make room reservations. However, the overbooking strategy of the hotel may lead to over sales [14] . When the number of arriving customers on the target date exceeds room capacity, some will be denied check-in. Hence, to prevent bad publicity through word of mouth and maintain a good reputation, the hotel will attempt to placate the denied customers through various means [41] . For instance, hotels would recommend the denied customers to other hotels that can accommodate them or provide a free one-night stay on a future date. In this study, the hotel provides each denied customer with a compensation rate v rp = , which increases with room rate, and r is compensation coefficient.
With the overbooking policy, the expected demand of the hotel x , which includes both t-and w-customers, is given as follows. First, when the number of room bookings is smaller than room capacity, that is, D C ≤ , the hotel accepts all bookings and βD arriving customers are accommodated on the target date. Second, when the number of room bookings is within the range of C to C l + , i.e., C D C l < < + , the hotel accepts all room bookings, and βD customers arrive on the target date. The hotel accommodates all customers if βD C ≤ ; otherwise, βD C − are denied. Third, when the number of room bookings is greater than C l + , the hotel only accepts C l + room bookings. The hotel accommodates all ( )
+ customers on the target date if ( )
the bookings are denied. Thus, the expected demand for the target date is given as
where
The expected demand of the third-party website i is given as ( )
x xe e e = +  , 1,2,..., As the expected demands are observed, the expected profit of the hotel is realized as follows:
where ε D a bp = − + . The first part is revenue obtained from accommodated customers. The second part represents total commission paid to third-party websites. The third part is total compensation fee paid to denied customers. The fourth and fifth parts represent effort cost and fixed cost, respectively.
The expected profit of third-party website i is given as 2 π ω 2
Optimal decisions for a hotel will be affected by various factors, such as seasons, weathers, or even social activities [8, 57] , however, this model can be applied for various hotels with diverse capacities by assuming a fixed demand function.
Results and Discussion
Solution Methodology
This section discusses the optimal solution for the cooperation problem described previously. The interaction between the hotel and third-party websites is modeled as a Stackelberg game, which is used to describe the competitive relationship between two or more members. The member who acts first to make decisions is known as the leader, and the one who acts according to the leader's decisions is known as the follower [58, 59] . In recent years, the Stackelberg game has been widely adopted in the service industry to depict the cooperative relationship between services providers and their partners [52, 60, 61] . For example, Huang et al. [62] apply this game theory to analyze the relationship between two hotels and a travel agency and study impacts of different power structures on room rate. In the present study, the hotel is the leader and n third-party websites are the followers. In providing room reservation service cooperatively, the hotel first determines its room rate and overbooking level. Then commission rates paid to the third-party websites are given because commission rate is i θ percentage of the room rate. Subsequently, the third-party websites determine their sales effort according to the commission rates. The Nash game is played among n third-party websites, which is used to describe the competitive relationship of members who act simultaneously [63] . The multiple websites compete for finite room capacity and determine their effort levels.
The sequence of events involved in the cooperation between the hotel and third-party websites are as follows:
Step 1: The hotel determines overbooking level l and room rate p .
Step 2: Third-party website i determines effort level i e according to commission rate ω θ i i p = .
Step 3: The hotel and third-party websites accept room bookings.
Step 4: The hotel accommodates all arriving customers on the target date when its capacity is sufficient; otherwise, some of the arriving customers are denied and are provided a compensation rate of v .
The optimal decisions can be obtained through backward induction, with which the followers' decisions are analyzed first and then the leader's decisions are obtained. First, for a given l and p , website i maximizes its profit by solving max i i e π . From the first-order condition of Equation (4) 
Second, with knowledge of the website's reaction to its decisions, the hotel maximizes its profit by determining the optimal overbooking level and room rate ( )
by solving the following problem:
s t x xe e e i n i x e e ke n e e ε β ε β ε β
By solving the above problem, the optimal overbooking level l * and room rate p * of the hotel are obtained. Substitute them into Equation (5), the optimal effort levels of the third-party websites are then calculated. Consequently, the optimal profits of the hotel and website are obtained as 0 π * and π i * , respectively. However, since distributions of customer demand and show-up rate are not known, a closed-form solution of the model cannot be obtained. A numerical example is shown in the next subsection to illustrate the optimal solutions.
Numerical Experiments
This section conducts numerical analysis of one hotel and two third-party websites based on the mathematical model constructed in Section 3 and the solution methodology given in Section 4.1. The hotel determines the room rate and overbooking level by maximizing its profit. As ω θ Other values of basic parameters are given in Table 1 . Based on the these values of parameters, optimal pricing and overbooking strategies of the hotel and optimal effort levels of the third-party websites can be calculated through simulations with a genetic algorithm using Matlab 2011b ( ® 7.13.0.564). The details can be found in Table 2 . The results in Table 2 indicate that to maximize its occupancy rate, the hotel will overbook 13 rooms in anticipation of last-minute cancellations and no-shows of customers. Furthermore, a higher commission rate ( 2 1 θ θ > ) will result in a higher effort level from the website ( 2 1 e e > ). In this example, Website 2 exerts more effort on room sales and obtains higher market share Note: p = room rate; l = overbooking level set by the hotel; e i = effort level of website i; ω i = commission rate paid to website i; x = expected demand of the hotel; x i = market share of website i; π 0 = profit of the hotel;
A sensitivity analysis is conducted to further address the effects of parameters on decisions and profits of the hotel and third-party websites. Practical implications are analyzed based on the results obtained. Based on basic values in Table 1, Table 3 depicts the effects of compensation coefficient on optimal decisions, while Table 4 shows the effects of fluctuations in customer demand. Table 5 illustrates the effects of hotel effort level on optimal solutions. Table 6 shows the effects of room capacity. Table 3 indicates that compensation coefficient does not have significant effect on hotel pricing strategy. However, the overbooking level decreases sharply when the compensation coefficient increases because the hotel attempts to reduce the expected demand to lessen the necessity to pay compensation fees to denied customers. On the other hand, along with the increase in compensation coefficient, the third-party websites will lower their effort levels although commission rates paid by the hotel remain unchanged. Table 4 indicates that fluctuations in total demand have a slight effect on pricing and overbooking strategies of the hotel but a strong effect on hotel profit because a larger deviation in customer demand results in smaller expected demand for the hotel. Thus, lower expected demand leads to lower hotel profit. As customer demand fluctuates violently, the third-party websites exert a lower effort level in room sales. Hence, the third-party websites also obtain lower profits. Table 5 shows that under a given market demand, the effort level of the hotel redistributes market shares among the hotel and third-party websites but has no effect on hotel pricing and overbooking strategies. The hotel gains a larger market share by exerting more sales effort, which in reverse leads to a smaller market share for the third-party websites. Thus, the profit of the hotel increases, whereas that of the websites decreases. As shown in Table 6 , a hotel with a larger room capacity will set a lower room rate to increase customer demand and then improve room occupancy rate. The hotel also tends to set a higher overbooking level to reduce the number of unoccupied rooms, resulting in an increase in expected demand. Effort levels of the third-party websites increase with room capacity for the same reason. Hence, the expansion in room capacity will increase profits for the hotel and third-party websites. 
Extension: Profit Improvement by Overbooking Strategy
This section explores profit improvement for the hotel and n third-party websites based on the overbooking strategy. As a benchmark, the scenario in which the overbooking strategy is not adopted by the hotel is set. In the benchmark, the hotel determines its optimal room rate by maximizing its profit. Once room rate is determined, the commission rates paid to the third-party websites are also obtained. Subsequently, the websites determine their effort levels with their maximal profits.
The expected demand of the benchmark scenario is given as The solving process is similar to that described in Section 4.1. First, given the hotel room rate, third-party website i determines its effort level as ( )
x e e ke e e
Second, with knowledge of the decision of third-party website i, the hotel determines its optimal room rate by solving the following problem: 
By solving this problem, the optimal room rate is obtained. Substitute it into Equation (7), the optimal effort levels of the third-party websites can be calculated. Then the optimal profits of the hotel and third-party website i are given as 0 π A numerical example is displayed to illustrate optimal results in the benchmark and to enable a better understanding of the model. One hotel and two third-party websites are considered, and the basic values of other parameters are identical to those given in Table 1 . The optimal decisions of the hotel and third-party websites as well as profit improvement based on overbooking strategy are shown in Table 7 . Table 7 reveals the following findings. First, with overbooking strategy, the expected demand is larger than that in the benchmark scenario. In other words, overbooking strategy increases hotel demand. Second, an overbooking strategy improves the profits of the third-party websites, with a higher proportion at 5.26% for Website 1 and 5.21% for Website 2 than that of the hotel at only 4.20%. This result can be attributed to the third-party websites bearing no risk of over sale caused by overbooking, whereas the hotel has to pay a compensation fee to each denied customer. Finally, third-party websites that exert more effort to make sales do not always benefit more from the overbooking strategy. In the numerical example, Website 2 who exerts more effort in room sales only achieves an improvement of 5.21% in profit, which is lower than 5.26% for Website 1.
Conclusions
Hotels adopt overbooking strategy to accept more room bookings to hedge against last-minute cancellations and no-shows at the price of a compensation fee paid to denied customers, and cooperate with third-party websites to attract more customers at the price of commission. This study investigates pricing and overbooking strategies of a hotel in cooperation with multiple third-party websites by discussing cooperation and competition relationship between the hotel and third-party websites simultaneously. We also explore the effect of a hotel overbooking strategy on this cooperation process.
This study concludes with several important findings. First, compensation coefficient has a slight effect on hotel pricing decision. However, with the increase of compensation coefficient, the hotel will set a lower overbooking level to reduce the risk of over sale. As a result, the third-party website would exert lower effort level in room sales along with the increase of compensation coefficient. Second, under a given market demand, the effort level of the hotel will not affect its pricing and overbooking strategies and results only in a redistribution of the market shares among the hotel and third-party websites. Along with the increase in hotel effort level, the market shares of the third-party websites will decrease resulting from an increase in hotel market share. Third, by adopting overbooking strategy, the hotel achieves more profit improvement than the website (243.4 for the hotel, versus 13.2 for Website 1 and 19.9 for Website 2). Nevertheless, a hotel overbooking strategy increases the profits of Websites 1 and 2 by a proportion of 5.26% and 5.21%, respectively, but only 4.20% for the hotel. Due to the fact that the third-party websites are not responsible for over sale caused by overbooking, they benefit more from this strategy than the hotel. Results also show that cooperative websites getting richer commission and exerting more sales effort do not always benefit more from the overbooking strategy of hotels.
The conclusions obtained yield significant management implications for hotels and third-party websites. First, over sale caused by overbooking will harm customer's goodwill, cause revenue loss to hotels and damage a hotel's reputation [14, 64] . Consequently, hotels should make an appropriate overbooking strategy by considering the expense of compensating denied customers. The present paper indicates hotels how to determine the optimal overbooking level under given compensation to denied customers. To placate denied customers, hotels should give priority to them or provide them with free stay in the future to compensate them. Second, as hotels cooperate with third-party websites on room reservation, they inevitably compete with each other on the customer source because of the same customer market [48] . Therefore, both hotels and third-party websites should exert more efforts to encourage customers to make reservation directly through their own distribution channels. For example, hotels can make marketing effort by providing breakfast to h-customers only to encourage them to book rooms through their brand website. Alternatively, some third-party websites (such as Ctrip in Mainland China) offer cash back to customers who make room reservations through their webpage and check in successfully. Finally, as shown in the numerical example, larger room capacity and higher room rate of the cooperative hotels will result in a richer profit for the third-party websites. Thus, third-party websites should cooperate with luxury and large-scale hotels to earn more profits.
This study is limited in several aspects, on which future studies could focus. First, the demand for hotels change over time in actual settings, and dynamic programming may be a desirable method to address this problem. Second, a non-performance penalty imposed on the hotel is discussed; that is, the hotel pays compensation fees to denied customers for their inability to accommodate them. However, imposing early departure and no-show penalties on customers are other effective methods to hedge against last-minute cancellations and no-shows, and improve occupancy rate. Finally, all hotel rooms are assumed identical in this study. Different types of rooms may be considered for future research, and an upgrade or downgrade strategy may also be effective in increasing the total occupancy rate of hotels.
Yanhua Chen, who is from Department of Biostatistics, School of Public Health and Health Professions-University at Buffalo for English corrections.
Author Contributions
Liuyi Ling proposed the idea and conceived the experiments; Yufeng Dong developed the model, performed the experiments, analyzed the data and wrote the paper. Both authors have read and approved the final manuscript.
